Urocanic acid production was studied in 166 bacterial cultures isolated from mahimahi which had been stored for 14 days on ice in seawater. After 4 days of incubation at 10°C in histidine-supplemented Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.), urocanic acid was measured by thin-layer chromatography. Fifty-eight of the cultures were positive for urocanic acid, with the eight most active isolates producing ca. 10 mg/100 ml. These observations, coupled with a report that urocanic acid may be the predominant histidine metabolite in fish held at low temperatures, all suggest that urocanic acid may be a useful alternative to histamine as a spoilage index in scombroid and other fish that are rich in endogenous histidine.
Among the chemical indicators used to assess the freshness of scombroid fish, the most common one is histamine. Histamine is formed postmortem through bacterial, rather than endogenous, histidine decarboxylase activity from the high concentration of free histidine in these fish (1) . Although elevated levels of histamine are used as an index of microbial spoilage or scombroid poisoning potential, histamine per se does not seem to be the sole causative agent, and a large number of scombroid poisoning outbreaks have been reported after consumption of mahimahi in which little or no histamine was found in the remaining uneaten portions of the tissue (W. Iwaoka, Chemistry Laboratory, Hawaii State Department of Health, Honolulu, Hawaii). Recently, the kinetics of histamine formation and quality deterioration were studied in mahimahi (4) and skipjack tuna (5, 15) . For mahimahi, whole fish were considered organoleptically spoiled at four temperatures (0, 10, 21, and 32°C) before measurable histamine was observed in the muscle, especially in fish stored at low temperatures.
Other chemical indicators of bacterial spoilage have been examined, and there is evidence that elevated putrescine and cadaverine levels may be more useful than elevated histamine levels as indices of early spoilage (10; W. F. Staruszkiewicz, Jr., Dairy and Lipid Technology Branch, U.S. Food and Drug Administration, Washington, D.C., personal communication). However, these compounds are formed by the decarboxylation of omithine and lysine, respectively, which are present in much lower concentrations in these tissues than is histidine (6, 14) .
The decarboxylation of histidine to form histamine is only one of two routes of histidine metabolism, and the occurrence of this pathway in fish spoilage microflora is quite limited (31% of mesophilic isolates from spoiled skipjack tuna and jack mackerel [121; 13% of mesophilic isolates from spoiled skipjack tuna [15] ; and 7% of mesophilic isolates and 9% of psychrotrophic isolates from mahimahi [4] ). The pathway favored by most organisms is a catabolic one in which glutamate is the ultimate product formed. The first step in this pathway is the loss of ammonia from histidine by the action of L-histidine ammonia-lyase (HAL) (histidase), resulting in the production of urocanic acid. This enzyme has a wide distribution among bacteria and, unlike histidine t Journal series article no. 2923 of the Hawaii Institute of Tropical Agriculture and Human Resources, Honolulu, HI 96822. decarboxylase, is found as an endogenous component of fish muscle (8) . These characteristics, along with the greater concentration of free histidine than of lysine or ornithine, suggest that urocanic acid may be useful as an indicator of spoilage.
Although a random survey of laboratory cultures for urocanic acid production was carried out (13) , no studies have been done on the production of urocanic acid at low temperatures or by microflora isolated from fish spoiled at low temperatures. In this study, cultures isolated from spoiled mahimahi (stored for 14 days at 0°C) were screened for their ability to produce urocanic acid at low temperatures to determine the potential for bacterial urocanic acid production in fish stored at low temperatures.
A total of 166 cultures isolated from mahimahi (Coryphaena hippurus) which had spoiled in seawater on ice were maintained on pH 6.0 Trypticase soy agar (BBL Microbiology Systems, Cockeysville, Md.) slants containing 0.1% histidine (4) . The cultures were inoculated into 5 ml of sterile pH 6.0 Trypticase soy broth containing 2% histidine. After incubation for 96 h at 10°C, the cultures were analyzed by thin-layer chromatography for urocanic acid. Twenty-fivemicroliter amounts of media were spotted on silica gel plates, which were developed in the ascending mode in equilibrated butanol-acetic acid-water (4:1:5, upper phase). After drying, visualization was accomplished with Pauly's reagent. Standards of urocanic acid (23170; United States Biochemical Corp., Cleveland, Ohio) in 95% ethanol (0.1, 1, 10, and 100 mg/100 ml) were chromatographed for comparison.
Urocanic acid production by the isolates (Table 1) varied, but a high proportion of the cultures were able to produce at least small amounts (greater than 0.1 mg/100 ml). Although grouped on the basis of 0.1 to 1.0 mg/100 ml and 1.0 to 10 mg/100 ml, the eight cultures in the latter category produced ca. 10 mg of urocanic acid per 100 ml. Conversely, none of the 166 isolates produced even 1 mg of histamine per 100 ml after either 48 h at 20°C or 7 days at 5°C in a similar assay (4; J. Baranowski, unpublished results).
The distribution of HAL among these psychrotrophic isolates was similar to that reported in a survey of laboratory cultures (13) . Strikingly, 20 of 20 pseudomonads, 3 of 4 Flavobacterium spp., 8 of 14 Achromobacter spp., 2 of 2 Alcaligenes spp., and 6 of 10 Micrococcus spp. screened produced greater than 100 mg/100 ml after 24 h at 37°C. Conversely, when urocanic acid was measured in whole mackerel and in sterile and nonsterile tissue minces stored at 0, 10, and 23°C (9), it was concluded that urocanic acid accumulation (4.7 mg/100 ml in whole fish after 15 days at 0°C) was due entirely to an endogenous catabolic process, as sterile and nonsterile minces had roughly the same concentration of urocanic acid throughout the study.
The data described here and the results of Shibatani et al. (13) appear to conflict with those reported by Mackie and Fernandez-Salguero (9) . By supposition, it is possible that the mackerel used in the latter study (i) were devoid of a microflora possessing HAL, (ii) possessed an endogenous inhibitor of bacterial HAL activity, or (iii) had a microflora that utilized urocanic acid at the same rate that it was formed, although Shibatani et al. (13) found that no strain had urocanase activity equal to its HAL activity. Table 1 shows that 58 of 166 psychrotrophic bacteria isolated from spoiled mahimahi were capable of urocanic acid production and that 8 of these 58 produced ca. 10 mg/100 ml after 4 days at 10°C. These data and those of others (13) suggest that the presence of urocanic acid may be a useful indicator of spoilage in histidine-rich fish. Even after allowing for a lack of possible bacterial urocanic acid production (9), urocanic acid was found at a much higher concentration than histamine (4.74 versus 0.19 mg/100 ml) in mackerel after 18 days of storage at 0°C (3). Because of the high proportion of HAL-positive pseudomonads (34 of 83 in Table 1 and 20 of 20 reported elsewhere [13] , which are well known for their role in the spoilage of refrigerated fish (7), there is a strong argument for bacterial urocanic acid accumulation in fish spoiled at low temperatures. These observations and the presence of endogenous fish muscle HAL (8) suggest that urocanic acid may be an attractive alternative quality index to histamine, cadaverine, or putrescine for fish with high concentrations of free histidine. This suggestion is enhanced by the recent development of simple and rapid high-pressure liquid chromatography techniques for measuring urocanic acid (2, 11) .
